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Epidemiology Division, Nara Prefecture Institute of Health, 1000 Odono, Sakurai City, Nara 633-0062, Japan. Tel: ＋81-744-47-3182, Fax: ＋81-744-47-3161, E-mail: yoneda-masaki＠office.pref.nara.lg.jp Oseltamivir has been widely used for many years as a treatment for influenza virus infections. In Japan, oseltamivir was approved for the treatment of influenza patients in 2000. Japan has the highest annual usage of oseltamivir in the world. In Japan, few reports have described the continuous monitoring of oseltamivir-resistant influenza viruses at the community level (8, 9) . The accumulation of such data at the community level is important to elucidate the distribution of oseltamivir-resistant influenza viruses in Japan. This study presents the characterization of oseltamivir-resistant seasonal A(H1N1) and A(H1N1) pdm09 influenza viruses from the 2007/2008 to 2012/2013 season in Nara Prefecture, Japan.
For the present study, clinical specimens were collected from Nara Prefecture. A total of 994 influenza viruses (92 seasonal A(H1N1) and 902 A(H1N1)pdm09) were detected mainly using real-time reverse transcription-PCR assay (10) from the 2007/2008 to 2012/2013 season. Oseltamivir-resistant influenza viruses was detected by reverse transcription-PCR and DNA sequencing of the neuraminidase (NA) gene as previously described (3, 5, 11) . The supernatants of throat swabs were inoculated into MDCK cells prepared in 48-well multiplates for influenza virus isolation. After virus isolation, NA inhibition assay and sequence analysis were performed for representative isolates and specimens at the National Institute of Infectious Diseases, Tokyo, Japan. Further, an NA inhibition assay was performed to ascertain the susceptibility of viruses to NA inhibitors, as described in a previous report (7) . The nucleotide sequences of the full-length NA gene and HA1 domain of the hemagglutinin (HA) gene were subjected to phylogenetic trees constructed using software (MEGA 5.0) (12) . The phylogenetic trees were obtained using the neighbor-joining method with bootstrap analysis of 1000 replicates. In this study, the annual observation period for influenza viruses began in September and ended in August of the following year.
The results of genetic analysis of oseltamivir-resistant seasonal A(H1N1) and A(H1N1)pdm09 influenza viruses are presented in Table 1 . A total of 30 out of 60 (1); hence, the emergence and spread of oseltamivir-resistant viruses are a matter of concern (3, 6) . It has been reported that A(H1N1) viruses develop resistance to oseltamivir through a single amino acid substitution at the position 275 in the NA gene (13) . During the 2008/2009 season, seasonal A(H1N1) influenza viruses with the H275Y mutation were widespread throughout Japan (3,4), and our results showed that these viruses caused an epidemic in Nara in the 2008/2009 season. In the present study, the total frequency of oseltamivir-resistant A(H1N1)pdm09 viruses was 2.6z (8/305) from the 2008/2009 to 2012/2013 season. These results suggest that oseltamivir-resistant A(H1N1)pdm09 viruses did not spread in Nara Prefecture. On the other hand, the rapid emergence of oseltamivir-resistant A(H1N1)pdm09 viruses has been reported in hospitalized patients (14) . In the United Kingdom, Moore et al. described the evidence of human-to-human transmission of oseltamivir-resistant A(H1N1)pdm09 viruses in a hematology unit (15) . Furthermore, in Nara Prefecture, oseltamivir-resistant A(H1N1)pdm09 viruses were detected in the hematology ward during the 2010/2011 season (16) . This case was the second cluster of A(H1N1)pdm09 viruses with the H275Y mutation with suspected human-to-human transmission in Japan (7). Four oseltamivir-resistant A(H1N1)pdm09 viruses occurred in this case (three viruses were detected in patients, and surprisingly, one was later detected in a nurse). The results of the NA inhibition assay show that the H275Y mutant viruses exhibit resistance not only to oseltamivir but also to peramivir. The phylogenetic analysis of the NA and HA1 genes show that three H275Y mutant viruses belong to the same cluster in the NA and HA1 phylogenetic tree. These three viruses possess the same HA and NA amino acid sequences. Moreover, a mutant virus was detected in a nurse, which suggests the possibility of human-tohuman transmission of this virus.
Among the eight oseltamivir-resistant A(H1N1) pdm09 cases, five were associated with treatment, two were associated with post-exposure prophylaxis, and one had an unknown association. To our knowledge, these eight oseltamivir-resistant A(H1N1)pdm09 viruses did not spread to the community.
Since must be conducted to monitor oseltamivir-resistant A(H1N1)pdm09 viruses at the community level in Japan.
